Abstract. Storage of drilling wastes threatens the natural environment. Cluster analysis was employed for evaluation of the behaviour of chemical compounds in the water of piezometers from the drilling waste management facility in Luchów. Cluster analysis proved to be an efficient method, enabling the identification of groups of chemical compounds threatening the environment.
Introduction
The economic development of counties undergoes a rapid increase, the production of goods and services grows significantly, whereas the global population has doubled [1] . Hence, the consumption of energy and natural resources has increased as well. New sources of energy are constantly being sought. The prospecting of gas from both the conventional and unconventional sources gains increasing attention. Finding the balance between the economic development and the natural environment becomes a necessity. In order to improve the energy use efficiency, environmental protection and achieve the sustainable development, new legal regulations pertaining to efficient use of environment are being devised [2] .
Poland is a country with high expectations regarding shale gas. Extensive works connected with shale gas exploration are being conducted [3] . These works may cause excessive pollution of the environment in the course of exploitation as well as other processes. Drilling yields substantial amounts of waste. New methods of their management are being sought. Additionally, new requirements related to their neutralization, storage, etc. are being devised. In Poland, since 2012, application of drilling waste in the reclamation of landfills and creation of waste treatment facilities was the commonly employed method of its management. The amendment to the Waste Management Act implemented in 2016, restricted filling the mining excavations with mining waste for reclamation and technological purposes. According to the updated regulations, mining wastes, depending on their type, may be stored:  for up to 6 months -hazardous mining waste, the production of which could not be foreseen;  for up to 1 year -mining waste other than hazardous or inert; for up to 3 years -non-polluted soil, mining waste other than hazardous produced in the course of exploratory works, waste produced during excavation, processing and storage of peat [4] .
The properties of drilling waste depend on: the type of rock, drilling fluid, the employed technology. Drilling wastes contain the substances used for the preparation of drilling fluids, technological fluids, as well as the products of their degradation. The chemical compounds originating from drilling fluids found in the drilling wastes include: mineral oils, organic compounds such as: polymers (tannins, lignosulfonates, lignites, xanthan gum, guar gum; starch and cellulose derivatives, active surfactants, inorganic compounds (oxides and hydroxides of calcium, magnesium, sodium, potassium, as well as potassium or sodium chlorides) as well as barite, iron ores, galena, chalk, and limestone. Wastes also contain metal, not only the ones added to drilling fluids, but also originating from sedimentary rocks [5] . The compounds found in drilling wastes may migrate to surface and ground waters, as well as soils and plants [6] .
In the case of waste landfills or waste treatment facilities, the main migration pathways include: leachates, surface run-offs as well as emission of gases and dusts. Leachates mainly originate from precipitation waters infiltrating through a landfill, leaching a whole range of pollutants.
Constant monitoring of a waste management facility and landfills is necessary, requiring devising the monitoring programmes. The presented research involved cluster analysis and multidimensional statistical analysis evaluating the behaviour of chemical compounds in the water from piezometers from the waste management facility in Luchów.
Cluster analysis aims at grouping objects into a common cluster. Clustering maximizes the homogeneity of objects belonging to the same groups and maximizes heterogeneity by assigning objects to different groups [7] .
Cluster analysis is widely used in environmental engineering for studying the water quality [8, 9] . Ashley and Lloyd (1978) employed cluster analysis for the classification of ground waters depending on the content of organic compounds [10] . Frapporti et al. (1993) carried out cluster analysis of ground waters depending on the type of soils [11] . Cluster analysis was also employed for determination of the flow direction of ground waters on the basis of hydrochemical analyses of water [12, 13] .
Research methodology

Location
The studies were carried out at a drilling waste landfill situated in Luchów Górny, a village in Lubelskie Voivodeship, in Biłgorajski county, Poland. Samples of water were collected from the piezometers located in three spots around the landfill. In each spot, there were two piezometers collecting water from different depths ( Table 1) . The piezometers marked as PC I are found in the northernmost and highest part of the landfill, which borders with agricultural land. The PC II piezometers are 230 m southwest from the highest landfill spot and lie in the area which is highly waterlogged. The PC III piezometers are 290 m west of the highest part of the landfill and are located on the sawmill area. The location of piezometers in relation to the landfill was presented in Fig. 1. 
Samples collection and preparation
The samples were collected from March 2015 to December 2015. In total, 21 samples of water were collected. The samples were taken according to the PN-76/C-04620/03 Standard.
Scope of research and analytic methods
The 
Statistical analysis of clusters
Cluster analysis method was employed for grouping variables by means of Ward's method. Ward's method estimates the distance between clusters using the analysis of variance approach. This method aims at minimizing the sum of squares of deviation within clusters. The chemical properties of waters from piezometers from the waste management facility were used as variables. The analysis was carried out on the basis of Statistica software package (v. 13.1).
Results
The obtained results were presented in tables 2 and 3. The concentration of aluminium was below the detection limit; therefore, it was omitted in the statistical studies. The results of cluster analysis were presented in Figure  2 The permissible values of as many as 8 parameters were exceeded, including: conductivity, TOC, concentrations of B, Ca, Mg, Mn, Ni (in all measurements) and Al (only in March). In the adjacent PC IIIT piezometer, 4 parameters were exceeded: TOC, B, Ca (in all measurements) and Al (in July). Both piezometers were located at a lower height than the others. In the remaining piezometers, only single parameters were exceeded: in PCIT and PCIQ piezometers -TOC, in the case of PCIIT -K, whereas in PCIIQ -Ca. Fig. 2 . Cluster analysis of selected parameters of water from piezometers from the waste management facility.
The obtained research results of water samples from piezometers indicate the elevated content of the compounds from the groups characterized by medium and greatest distance in the conducted cluster analysis. This confirms the applicability of cluster analysis for grouping the pollutants present in the ground waters.
Conclusion
The conducted cluster analysis involved classification of 21 water samples into three groups (low, medium and high pollution) on the basis of the chemical compounds in their content.
The results of cluster analysis may be used for optimizing the water quality monitoring programme, and enable to decrease the frequency of water sample ITM Web of Conferences 15, 04003 (2017) DOI: 10.1051/itmconf/20171504003 CMES'17 collection. In other words, in the further studies, the number of spots for monitoring the water quality may be reduced by selecting only the compounds which threaten the natural environment. The results of statistical analyses allow to select the high-priority areas, thus aiding in the management of ground water quality.
